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Abstract 
 
 
Welfare of farmed fish is an increase concern. In this study we focus on the 3 major 
disturbance factors for reared salmon: fin erosion, opercular deformities and body 
lesions.During 12 weeks, 8 groups of fish were formed according to their size, and once a 
week analyzed and recorded in a scale from 0-3 according to the severity of their disease. 
Larger fish had the more number of cases of fin erosion and the highest degree of severity, but  
little incidence and low severity of opercular deformities. Body lesions were highest in the 
smallest group. 
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1. INTRODUCTION 
 
 
1.1 Atlantic salmon brief-overview 
 
  The culture of Atlantic salmon (Salmo salar) is a successful intensive aquaculture 
industry. Its great farming potential has to do with the fact that it is quite easy to handle , 
resistant to many adverse conditions (surviving well to farming conditions) and of course, has 
a very high market price and wide acceptation worldwide (Knapp, G. et al., 2007). 
Its native habitat is the North Atlantic Ocean, present in North America in a range 
from Ungava Bay in Northern Quebec south to the Housatonic River in Connecticut. In 
Europe, the species’ native range extends from the Pechora River in Siberia (Russia), west 
across Norway and down the coast to northern Portugal. Other European sights are the Baltic 
Sea, the British Isles and Iceland (MacCrimmon & Gots, 1979).  
Norway has, since 1984, become the world’s most important salmon producer (with 
600,000 mt fish in 2004), with an annual average growth rate of 17 percent between 1984 and 
2004 (FAO, 2006). This probably due to the geography of the country, surrounded by fjords 
and islands along the coast what offers excellent hydrographical conditions for the rearing of 
Atlantic salmon as well as the continuous investments from the government, by contributing 
to the development of infrastructure along the coast (Forster, 2002). In 2006, the value of the 
Norwegian aquaculture industry surpassed that of traditional fisheries, with a constant 
increase since the 1980s (Ministry of Fisheries and Coastal Affairs, 2010). In 2012, 
Norwegian salmon production was about 1 200,000 tons (Directorate of Fisheries, 2013). The 
total export of Norwegian salmon in 2013 was close to 40 billion Norwegian kroner. 
Although salmon farming has proven to be successful, there are still many challenges 
that need to be evaluated, especially those concerning the welfare of the animals. The welfare 
of farmed fish as well as an increased concern about the impacts fish farming may have in the 
environment have been so much of an issue for recent fish costumers that a substantial 15% 
increase of market price would be rather desirable if followed by an increase of welfare rate 
of the animals and followed by less environmental damage (Altintzoglou et. al., 2010). 
In this study, we focused on 3 major disturbance factors for reared salmon, since they 
are all quite common in salmon farms and at the same time they represent economic losses for 
the industry due to the increased mortality of the fish and a lower growth rate. Besides, sick or 
stressed fish have a low welfare rate, which has to be corrected. These conditions are: fin 
erosion, operculum deformities and body lesions.  
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1.2 The problem of fin erosion 
 
Fin erosion or damage is considered to be one important measurement of welfare of 
the animals (Noble et. al., 2007) and is a common and serious situation that occurs mostly in 
intensively reared fish (Larmoyeux & Piper, 1971), although it can also be found in wild fish 
(Kahn et al., 1981).The fact that the occurrence of fin erosion is higher in farmed fish than in 
nature can probably be due to factors related to density, feeding regime and environmental 
conditions (Mork et al., 1989).  
Fin erosion can mostly be seen in the fish dorsal fin, clinically described as a 
degraded, damaged fin, usually shortened in size, due to friction in the tank, pathogenic 
infection or aggressive attack (nipping) from other fish (Figure 1). When there is bacterial 
infection involved, the erosion can lead to necrosis of the fin and even worse, to fin rot 
(Bodammer, 2000). Fin rot disease may be characterized by grayish white spots on the fins, 
body and skin erosion and it is associated with high mortality of the infected animals 
(Rahman et al., 2010). Khan et al. (1981) associated the presence of fin rot with a high 
mortality rate of 52% of the sick animals, within an 8-year period. In the beginning, the 
symptoms were thin and discolored (whitish) fin extremities only; with the development of 
the disease petechiae (hemorrhage) was found in the fin and they later turned to ulcerative 
lesions. 
 
 
 Figure 1: Salmo salar with fin erosion. 
 
 Usually «mild» forms of damage (small area affected) may not be potentially harmful 
at first, but when fish are crowded or stressed, and if water quality deteriorates, the condition 
rapidly increases in severity and causes serious damage to the affected animals. Typically, 
seriously injured fish do not feed well and become weak and prone to secondary infections 
(such as furunculosis, caused by Aeromonas salmonicida) and attack from other fish, as 
described by Turnbull et. al. (1996). A change in the swimming pattern can also be noticed at 
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this stage, which can reduce significantly their chances in the wild, making them susceptible 
to starvation, predator attacks and secondary infections (Barker, et. al., 1994).  
Fin erosion has the following possible causes, appearing alone or in combination with 
one or more factors: 1. Behavioral; 2. Microbiological; 3. Environmental and 4. Nutrition-
related causes (Latremouille, 2003). 
The behavior of farmed salmon is one important key to understand and possibly 
reduce fin erosion incidence. High densities in cages/tanks tend to stress animals by elevating 
their plasma cortisol levels (Pickering & Pottinger, 1989), leading to aggression. Aggression 
is, in fact, quite common between Atlantic salmon parr both in the wild and especially in 
farmed conditions (Keenleyside & Yamamoto, 1962), being intensified by environmental 
disturbances such as lack of food, which leads to competition (Kadri et al., 1997). The dorsal 
fin seems to be the favorite spot in salmonids attacks (Abbott & Dill, 1985), being less 
frequent in dominant, sexually matured males, than in immature ones (Mork et al., 1989). 
 Better feeding systems, where the animals are fed to satiation by regulating the ideal feeding 
interval and proper meal size can reduce significantly competition (Noble et. al., 2007). 
 A slight change in the environmental condition the animals are reared and used to, 
such as a better water flow, that makes the animals swim harder than before, can be used as a 
way to reduce fin erosion by those aggressive encounters, simply because the animals now are 
forced to use their energy on something else (Christiansen & Jobling, 1989). 
 The tank surfaces too can have a negative effect on fin erosion. Abrasive surfaces like 
concrete can not only contribute to the appearance of fin erosion but of body lesions as well, 
the same applies to small pounds/tanks compared to bigger and wider ones (Larmoyeux & 
Piper, 1971). 
 Colder temperatures seem also to play a negative role in the severity and extension of 
fin erosion in salmonids (Schneider & Nicholson, 1980), in contrary to other species like the 
steelhead fish, which seemed to benefit from warmer temperatures (Winfree et al., 1998). The 
incidence of fin erosion in Salmo salar was (recorded to be) higher in the winter than in other 
seasons, according to Vehanen et. al., (1993). Low oxygen levels in the tanks have been 
associated with higher occurrence of fin erosion, compared to high oxygen levels (Larmoyeux 
& Piper, 1973). 
 Bacterial/ microbiological infection is related to a possible cause of fin erosion, being 
Aeromonas salmonicida and Aeromonas liquefaciens two of the most significant ones 
(Loganathan et al., 1989; Chowdhury, 1998), although those from Pseudomonas and Vibrio 
genera are also known agents of fin erosion and rot (Giles et al., 1978; Loganathan et al., 
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1989). The most susceptible group to bacterial infection seems to be salmon fingerlings and 
smolts who are over 2 years-old (Schneider & Nicholson, 1980).  Aeromonas salmonicida 
was also the causer of haemorrhage on Atlantic salmon fry, particularly on fins and tail rot, 
but also visible on the opercula region and eyes (Godoy et al., 2010). 
 A balanced, well-formulated feed can avoid fin erosion or eventually stop its further 
development. A well-formulated feed in this case should contain required levels of vitamin C, 
since the vitamin is not only associated with lower fin erosion incidence but also helps 
promoting good growth rates  and a stronger immune system (Mazik et al., 1987). Feed 
enriched with amino-acids such as lysine, arginine, histidine, isoleucine, threonine, valine and 
tryptophan showed good result in preventing and healing fin erosion in rainbow trout, also 
promoting good weight gain rates (Ketola, 1983). 
 Adding chitin to the diet of a group of steelhead trout (Oncorhynchus mykiss) lead to 
significantly less cases of fin erosion, supposedly because of its protective capacity against 
pathogenic microorganisms (Lelis & Barrows, 2000).  
 Water quality has a great influence of fin erosion also in the wild, with a higher 
prevalence in fish living in a degraded, modified habitat. By this we understand as an 
environment with wide temperature oscillation, unstable salinity, reduced dissolved oxygen 
levels and prone to mechanical injuries and bacterial/parasitic attacks (Barker et. al., 1994). 
The presence of oil (due to contamination/pollution) in the water can contribute to a 
disbalance in the normal exterior microflora, making the fish more prone to infection. Vibrio 
bacteria, for example, are resistant enough to survive in oil-filled waters (Giles et al., 1978).  
 Water with high concentrations of heavy metals such as zinc, lead and cadmium were 
associated with fin erosion in mullet (Bangaramma & Lakshmi, 1999). 
 The effects of pollution in a group of fishes in the wild showed not only a greater rate 
of fin erosion, when compared to those from an unpolluted environment, but with a higher 
severity of the disease (Reash & Berra, 1989). 
 
1.3 Opercular deformities 
 
In addition to fin erosion, problems related with the operculum (opercular 
membranes), such as its shortening and exposure of the gill tissue (Figure 2) are also a well-
known phenomenon in hatchery reared fish. Opercular deformities are malformations that 
develop during the larval stage and affect fish growth rate and opercula morphology, with a 
significant economic loss as a consequence. (Galeotti et al., 2000).  
6 
 
Little has been known about its causes and consequences to the affected fish, although 
deformity mechanisms seem to be linked to the disruption of early development processes and 
they disturb the normal ion uptake balance in fresh water fish (McCormick, 1994) and its 
overall biological performance through diminished growth rates and survival (Andrades et. 
al., 1996).   
Skeletal deformities in fish can usually have a genetic, infectious, environmental or 
nutritional cause, such as: lack of vitamin C and high levels of vitamin A, exposure to heavy 
metals, organophosphate and organochlorine chemicals, strong water current in very early 
developmental stages,  inbreeding, traumatic injury and bacterial or viral infection (Yadegari 
et al., 2011). 
 
 
 Figure 2: Fish with opercular deformity (shortening). 
 
1.4 Body lesions 
 
Sores or physical injuries (lesions) can also be considered of great importance among 
farmed salmonids. Affected fish are associated with economic losses for the industry, since it 
loses much of its “quality”, by using extra energy to survive instead of growing. Besides, the 
visual aspect of a sick fish is also repulsive for the consumer. (Salte, R. et. al., 1994).  
Lesions seem to have both mechanical (excessive or wrong handling of the fish) and 
biological causes.  Handling and grading impair the mucus and skin, if not done correctly and 
gently, making the skin prone to ulcers (Tørud & Håstein, 2008).  
Infections with Flavobacterium columnare strains have been directly associated to 
body lesions and fin erosion in carps (Catla catla, Labeo rohita, Cirrhinus mrigala and Labeo 
calbasu species), also leading to mortality of the enferm fish in 100% of the cases (Rahman et 
al., 2010). Pseudomonas sp. is also observed as a causing agent of petechial hemorrhages of 
the skin that can lead if untreated, to bigger lesions (Wiklund & Bylund, 1993). Winter ulcer 
disease is quite common in Atlantic salmon and it is caused by Moritella viscosa, during the 
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winter months and has a mortality of up to 40% of the affected fish (Tørud & Håstein, 2008). 
Sea lice (Lepeophteirus salmonis, Caligus elongatus) are also associated with body 
lesions in Atlantic salmon. Ectoparasites infestation irritates the skin, making it itchy, irritated 
and prone to ulcer formation (Roberts, 2001). 
In all causes, lesions seem to usually start as small, round, epidermal lesions, with a 
red center surrounded by a white rim, that will most likely increase in size and depth and 
merge as the disease progresses (Figure 3). In septicemic disease caused by Aeromonas 
salmonicida, there is splenomegaly, ascites, and swelling of the kidneys. Histologically, there 
is necrosis of the affected tissue with abundant colonies of bacteria and few inflammatory 
cells due to the bacteria's leukocytolytic exotoxin (Noga, 2010). 
 
 
 Figure 3: Fish with serious case of lesion. 
 
1.5 Possible causes and treatments for fin erosion, opercular deformities and body 
lesions 
 
Many hypothesis have suggested that both fin erosion and body lesions can have a 
common cause: general water quality, superpopulation in the tanks, feed type and feeding 
regime, excessive exposure to sunlight, abrasive tanks surface, aggressive attacks between 
one another and handling (manipulating) techniques towards these animals (Pelis & 
McCormick, 2003). Bacterial and fungal infection can also be involved in those processes. As 
mentioned before, operculum deformities seem to have genetic causes in addition and is 
related mostly to problems occurred in early larval stages. 
 As for treatment, formalin (formaldehyde, CH2O) is usually the chosen medication for 
the cure of fin erosion and body sore conditions. Fish with opercular deformities have as well 
been treated with formalin, since they are prone to secondary bacterial and fungal infection.   
Formalin is an effective middle against pathogenic microorganisms and ectoparasites. It is 
proven to stop the progression of fin erosion, but with toxic effect to the treated fish (McVicar 
& White, 1982).  
As disadvantages of its use, we can mention the high costs, toxicity (carcinogen 
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effects) and the fact that relatively large volumes are needed to treat effectively even a small 
tank. Dosage for short-term baths consists on a concentration of 250mg/l, for a period of 30-
60 minutes. For a prolonged (indefinite) bath a concentration of 15-25 mg/l is recommended 
(Francis-Floyd, 1996). 
As for the toxic effects, besides a visible change in the swimming pattern (slower and 
uncoordinated movements) of the treated fish, due to the formalin ability to decrease 
dissolved oxygen (fish then hyperventilate), hyperplasia of secondary gill lamellae and fatty 
degeneration in the liver of some species have been observed (Chinabut et. al., 1988). 
Besides formalin baths, malachite green and nitrofurazone were found to be effective against 
fin erosion (Devesa et al., 1989). The use of malachite green has been prohibited in fish 
farming in the United States and the European Union (EU) due to its toxicological and 
potentially carcinogenic nature (Culp & Beland, 1996; Srivastava et al., 2004). 
Antibiotics seem to have a positive effect against fin erosion as well as fin rot (when 
there is presence of pathogenic microorganisms in addition). The administration of 
oxytetracicline in combination to benzalkonium chloride was capable to eliminate fin rot in a 
variety of tropical fish (Conroy, 1963; McVicar et al., 1993), while low doses of chloramine-T 
seem to act as a good prophalytic method prior to fin erosion (Powell et. al., 1994).  
1.6 Aim of the study 
 The aim of the present study is to study the occurrence of fin erosion, opercular 
deformities and body lesions in a smolt production cycle of Atlantic salmon (Salmo salar), in 
relation to environmental parameters and features. 
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2. MATERIAL AND METHODS 
 
2.1 Sampling 
 
The study was conducted at the “Salmar Settefiskanlegg” located in Kjørsvikbugen, 
Aure “kommune”, Norway, during the period between June and October 2011. 
All the fish used in the study come from “Aquagen” and were brought to Salmar as 
eggs and hatched between November 2010 and January 2011. By the beginning of the study, 
the minimum and maximum weight of the studied fish was 2g and 55 g, respectively. 
Fish was placed in 8 different tanks with varying diameter (from 6 - 11 meters each 
and density of 120.000-200.000 fish each). Weight was the initial criteria used for separating 
the fish into the original tanks and they were selected into 4 different groups:  
- “Mini” (average start weight of 18 g); 
- “Small” (average weight of 21 g); 
- “Medium” (average weight of 23 g) and  
- “Large” (average weight of 25 g). 
Each category had 2 tanks representing it (Figure 4).  
 
                                                                                                           Groups 1 & 4 
                 Mini (18g)  
                        
                                                      Groups 6 & 8 
                 Small (21g) 
 Salmo salar eggs  Salmar facility  Fish selected    
 (Origin Aquagen)  (eggs hatched –  (size-selection                                               Groups 2 & 7 
Nov 2010-Jan 2011) June 2011)                   Medium (23g)  
                
                                                                                                          Groups 3 & 5 
              Large (25g) 
        
 
Figure 4. Figure showing study start and separation criteria. 
 
 
Once a week and during 12 weeks, 60 fishes from each tank (480 fishes total per 
week) were randomly selected and examined according to their weight, length, possible 
presence of fin erosion, opercular deformities and body lesions. All information regarding the 
tanks was also recorded, such as: temperature, pH, O² levels, feeding regime (Figure 5). 
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Once a week, during 12 weeks: 
 
        Weight 
         Length 
      Fin erosion 
      Operculum 
      Body lesions 
 
 
 
       
 
 
       Tank 1  Tank 2          Tank 3   Tank 4                Tank 5         Tank 6 Tank 7             Tank 8 
 
 
       
       
      Temperature 
            pH 
            O² 
 
  
Figure 5. Representation of parameters measured every week. 
 
 
The average temperature, pH and dissolved oxygen in the water of the tanks were 
measured every day before starting the data collection. Other factors as mortality, general 
water quality and feeding regime were also followed throughout the study. 
The selected fish was subjected to a visual classification (following Salmar’s own 
classification protocol), according to their fin, opercular membranes and body condition and 
were marked according to the severity of each injury (if present), using an ordinal scale of 0, 
1, 2 or 3: 
 
 
 
 
 
 
 
 
 
 
60 fish 60 fish 60 fish 60 fish 60 fish 60 fish 60 fish 60 fish 
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Type of injury 
Severity Fin erosion Operculum Body lesions 
0 (none) No damage No damage No lesions 
1 (mild) 
Mild erosion (1-24% fin 
tissue damage) or previous 
damage that has healed over 
One-side opercular 
deformity 
Epithelial damage 
2 (moderate) 
Erosion with possible 
hemorrhaging (25-49% of 
fin tissue damaged) 
Bilateral opercular 
deformity/damage 
Open wound 
3 (severe) 
Fin erosion (>50% of tissue 
damage) with hemorrhaging 
and pathogenic infection 
Severe operculum 
shortening 
Spread, open wound 
 
Figure 6: Classification method for fin, operculum and body damages used at Salmar. 
 
The method for classification of injuries done according to the standard protocol at 
Salmar, and this is also similar: Goede & Barton, 1990; Canon Jones et. al., 2010. 
Some challenges we experienced during the study was that, since it was a real-time 
functioning industry and the data collection happened in a busy period, fish from our study 
were sorted from time to time and put together in tanks according to their average length and 
weight. Fish considered having serious growth problem or who presented visible genetical 
problems were discarded along the day. 
The study lasted 12 weeks. The first week of the experiment started in a period right 
after the first sorting/grouping of the fish. The goal was to follow the fish the next twelve 
weeks inside the establishment, before they were transported out and put in the sea.  
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2.2 Data collection 
 
  Each week, 60 fish were randomly collected with the aid of a fish net and placed in a 
container filled with an anesthetic benzocaine solution (Benzoak Vet, 200mg/ml – 20%, 
Europharma) of approximately 1ml/l for about 1 minute or until they were sedated enough to 
allow handling. 
Fish size was then measured as fork length (measured from the tip of the snout to the 
fork of the tail, given in centimeters), total body weight and visually examined for the 
possible presence of any of the conditions described: fin erosion, operculum-related problems 
and sores/lesions (figure 7).    
 
 
 
  
 
 
 
 
 
Figure 7: Capture of fish followed by length and weight measure and visual inspection. 
 
The length and weight of each individual was taken and reported in centimeters and 
grams, respectively. Fin erosion, opercular deformities and body lesions were classified 
according to their severity in a scale from 0 to 3 (Figure 8). 
 
Date Fish nr. Tank nr. Length Weight Fin erosion Operculum Body lesions 
04.07.11 1 1101 14,5 33 0 0 0 
04.07.11 2 1101 15,5 41 0 2 0 
04.07.11 3 1101 16 48 0 0 3 
04.07.11 4 1101 16,5 44 1 0 0 
Figure 8: Example form used for recording information from the fish. 
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 In the end of the study, the Specific growth rate (SGR) and Condition factor (K) for 
each group was calculated, according to the following formulas: 
SGR= (lnWf - lnWi  x100) / t, where: lnWf = the natural logarithm of the final weight, lnWi = 
the natural logarithm of the initial weight and t = time (days) between lnWf and lnWi ); 
Condition factor (K) =100*W/L³, where  W = Weight of fish, L = Length of fish in cm). 
 
2.3 Histopathology 
  
 Samples of both healthy fish and fish with fin erosion were taken from the various 
tanks each week to be used in histology. The fish were anesthetized first with the same 
anesthetic solution but kept there around 5 minutes or until complete death of the animal. 
Both the dorsal fin and the pectoral fins of the fish were removed (Figure 9) as well as a 
sample of the kidney (Figure 10). They were all fixed immediately in a 4 % phosphate 
buffered formalin solution (pH 7,0, Apotek 1) and stored in cool temperatures until further 
processing. 
 
 
 Figure 9: Removal of pectoral fins. 
 
 
 Figure 10: Sectioning of the head and exposure of the kidney. 
 
Only samples from fish with fin erosion were considered for histopathology. The 
samples were collected between 23.08 – 13.09.11. They were sent to the “Veterinærinstituttet” 
in Trondheim, on 23.02.2012, to be analyzed for possible parasite, fungus or bacterial 
colonization.  
 The dorsal fins only were used for histology. A total of 14 samples, collected from all 
the eight tanks, were sent to the “National Veterinary Institute” (Veterinærinstituttet) in 
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Trondheim. They were then embedded in wax and sectioned (figure 11). 
 
Figure 11: Incisions’ scheme on a dorsal fin ray used for histology. 
 
2.4 Statistical analysis 
  
The study consisted of 8 groups of fish, with 60 individuals in each group per week, 
arranged in a randomized complete block design with 12 replications. 
 The data were analyzed to assess the homogeneity of variance (Bartllet) and normality 
(Lilliefors) tests for each variable. The response variables of characters 3, 4, 5, 6, 7 and 8 were 
transformed by 0,1x   in order to meet the assumption of normality of distribution. 
 Later analysis of variance was performed using the model Yij = m + Gi + Bj + Eij, 
where m: is the overall average; Gi: corresponds to the effect of the treatment; Bj: 
corresponds to the block effect; Eij: corresponds to the effect error treatment / block. 
To understand the behavior of the response variables, we carried out the Tukey Comparison 
Test at 5% probability. We were then able to pair the groups according to their size and total 
number and severity of the different conditions. Also, the linear correlations between all 
variables were calculated by using the Pearson analysis, based on the significance of their 
coefficients. In the classification of intensity of correlation for 0.05 ≤ p ≥ 0.01 , this was 
considered very strong ( r ± 0.91 to ± 1.00 ) , strong ( r ± 0.71 to ± 0.90 ), mean ( r ± 0.51 to ± 
0.70 ) and weak ( r ± 0.31 to ± 0.50 ) , according to Guerra & Livera (1999). 
Using the period of the study ( 12 weeks) , and the total observations of injuries in this 
period , linear regression analyzes for each type of lesion were performed . 
 All statistical operations were performed using the Genes software 
(www.ufv.br/dbg/genes/Genes_EUA.htm). 
 
 
15 
 
3. RESULTS 
 
3.1 Incidence of conditions according to external factors 
 
 Figure number 12 sums up the events, such as sorting, formalin treatment and 
vaccination that happened in each tank, during the study period.  
 After the first week, the incidence of fin erosion seems to increase in all groups. 
Around week 5 and 6 the values continue high for almost all groups when then, after week 9, 
there is a sudden decrease. 
 The incidence of shortened operculum has higher incidence in the mini and small 
groups, while it appears very low or doesn’t appear at all in the larger groups. 
 Body lesions follow the same pattern: present in the small groups and completely 
absent from the large group. 
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Figure 12: Incidence of the conditions in each group, every week, compared to external events.                                                                                                                                 
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3.2 General results 
 
The average temperature for all the tanks in the beginning of the study was 13ºC and 
in the last week the average was 15ºC. The temperature maintained quite constant almost all 
the time with little variation. 
The feeding regime was also similar for the entire study group. All tanks were fed with 
fish pellets “Ewos Micro 50”, by use following standard protocol for the farm, with the aid of 
feeding automats. The biomass in all 8 tanks varied from 1482-5902kg, at the start of the 
observation period, increasing to a maximum of 12.256kg at the end of the period. Water 
quality has been relatively good during the whole study period, with pH levels between 6-7 
and dissolved oxygen levels around 70-100%.  
 
3.3 Fish size 
 
General 
 Fish who were in the “mini” and “small” groups (Groups 1,4, 6 & 8, respectively) had 
higher condition factor when compared to both heavier and longer ones, from groups 
“medium” and “large” , i.e. 2, 7, 5 & 3, respectively. (Figure 13). 
                                                                             
 
Figure 13: Condition factor (K) of the fish from the eight groups, divided by weight (average of the groups per 
week, during 12 weeks). 
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 The length of the fish belonging to the same size category was very similar during the 
whole study, with a subtle growth after week 2, remaining almost constant all the period. 
 As for the weight, it seems to vary in all categories until week 6, when all groups then 
seem to have a significant weight gain until the end (Figure 14). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Average weight and length of all the fish groups, divided by size, during the 12 weeks of study. 
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Fish size and condition 
 
 Fish size seems also to be correlated with the happening of the three conditions.  Table 
1 divides the groups according to their size and total number and severity of the different 
conditions, during the whole 12 week-period. The letter “a” stands for the highest values in 
each category as “d” means the lowest values or the lower number of cases or severity.  
 
Table 1:  Average Length, Weight, Severity of Fin Erosion, Operculum and Lesions and Total number of cases of 
Fin Erosion, Operculum and Lesions in 8 groups of fish, during 12 weeks. 
 
Fin erosion:  Smaller fish (“Mini” groups 1 & 4) had fewer and milder cases of fin erosion 
compared to the other groups.  
Larger fish from groups “ Medium” and “Large” (groups 2 & 5) had the more number of 
cases of fin erosion and the highest degree of severity (Table 1 & Figure 15). 
 
Opercular deformities: The highest incidence and severity of opercular deformities 
happened in fish from the “Mini” group 4.  
Larger fish had little incidence of opercular deformities, with low severity (Table 1 & Figure 
15). 
 
Body lesions: The “Mini” groups (1& 4) had the highest total number and severity of body 
lesions. All the other groups had no lesions or very few cases with very low severity (Table 1 
& Figure 15). 
 
 
 
 
Group 
Length (cm) 
±1,25               
Weight (g) 
±46,92              Sev. Fin E. Sev. Operc. Sev. Lesions Total Fin E. Total Operc. Total Lesions 
1 12,33               c 28,47 d 0,12 b 0,03 bc 0,16 a 6,88 c 1,25 bc 6,04 a 
2 16,71 ab 53,48 ab 0,62 a 0,02 bc 0,00 c 32,15 a 0,78 c 0,00 b 
3 17,23 a 60,64 a 0,43 a 0,01 c 0,00 c 21,67 ab 0,44 c 0,00 b 
4 12,19 c 26,39 d 0,14 b 0,10 a 0,09 ab 8,44 c 4,34 a 4,83 a 
5 16,62 ab 55,36 ab 0,59 a 0,03 bc 0,00 c 31,74 a 1,19 bc 0,00 b 
6 15,52 b 44,45 c 0,40 a 0,04 abc 0,02 bc 21,27 ab 1,90 abc 0,88 b 
7 16,55 ab 50,71 bc 0,39 a 0,07 abc 0,00 c 22,97 ab 2,04 abc 0,14 b 
8 15,73 b 49,17 bc 0,44 a 0,07 ab 0,03 bc 11,20 bc 3,06 ab 1,54 b 
* Means followed by the same letter in the column do not differ by Tukey test at 5% significance level. 
 
20 
 
 
 
 
 
 
 
 
 
 
 
Figure 15: Prevalence (percentage of fish affected) of the diverse conditions in each group. 
 
 
3.4 Correlation among the different variables 
  
Table 2: Pearson Linear correlation values for the response variables “Length”, “Weight”, “Fin Erosion”, 
“Operculum” and “Lesions”. 
 Length Weight 
Severity Fin 
Erosion 
Severity 
Operculum 
Severity 
Lesions 
Total Fin 
Erosion 
Total 
Operculum 
Total 
Lesions 
Length 
1 0,9869** 0,8997** -0,4553 -0,9313** 0,8469** -0,5638 -0,9812** 
Weight 
 1 0,8827** -0,5085 -0,893** 0,8087* -0,6089 -0,9521** 
Severity Fin 
Erosion 
  1 -0,4333 -0,8768** 0,8917** -0,4833 -0,9095** 
Severity 
Operculum 
   1 0,2143 -0,5103 0,9778** 0,4085 
Severity  
Lesions 
    1 -0,8616 0,3172 0,9691** 
Total Fin 
Erosion 
     1 -0,5876 -0,9162** 
Total 
Operculum 
      1 5184 
Total Lesions        1 
** *: Significant at 1 and 5% probability levels by T test 
  
 The positive and significant values in the table mean that there is strong and positive 
correlation between the two variables, meaning that when one changes the other changes as 
well. The most important positive and strong correlation we found is: 
 
Total and severity of fin erosion x weight x length: 
 
 The prevalence of fin erosion had a strong positive correlation with both length and 
weight, which means that the larger the weight and the length of the fish, the higher the 
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number and the severity of cases (Figure 16). 
 
 
 
 
 
 
 
 
 
 
 
 
           Figure 16 : Prevalence of fin erosion in all fish groups, according to their weight and length. 
 
 For the negative values, but that are still significant, we have an inverse dependent 
correlation, which means that the higher one variable value the lower the other one. The most 
relevant correlation was:  
 
Total and severity of body lesions x weight x length x fin erosion 
Body lesions had a negative correlation with weight, length and fin erosion, indicating  
that the lower the weight, the higher the severity and number of body lesions cases, and seem 
not be present in fish who had fin erosion, as well (Figure 17). 
 
 
               
                 
 
 
 
 
               Figure 17: Prevalence (percentage of cases) of lesions in each of the 8 given groups 
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3.5 Histopathology 
 
 The tests received at 29.02.2012, from the dorsal fin samples with fin erosion, showed 
no sign of parasite or fungus infestation in any of the samples. In only one sample, though, 
was bacterial colonization found. That could be due to the presence of the bacteria in the fish 
itself or due to contamination during the collecting method. No bacteria type was described. 
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4. DISCUSSION 
 
  
4.1 Fin erosion, dominance and fish size   
 
 Presence of fin erosion has been used to distinguish farmed salmon from wild salmon. 
Fin erosion seems to be a quite common trait in farmed salmon, while few fish in the wild 
present the same condition (Lund et. al, 1989). Fin erosion is involved in aggressive behavior 
due to food competition in the tanks. Competition for food can also be confirmed by the 
presence of vigorous and spontaneous swimming, including maneuvers with turning angles 
and acceleration rates (Krohn & Boisclair, 1994). On-demand feeding seems to reduce the 
frequency of aggression attacks, in comparison to a routine feeding regime (Almazan-Rueda 
et al., 2004), and aggression between fish is mostly observed during the feeding times (Ryer 
& Olla 1995). Fin erosion in fish seems to be a complex and seasonal happening, also related 
to fish size, rearing system and feeding regime, also happening when fish are overfed (Grant, 
1997).  That confirms the results that showed that fish who grew faster had higher incidence 
of fin erosion, probably due to stronger dominance. 
 Our results show that the larger and heavier the fish, the larger the number of cases as 
well as the severity of the fin erosion found. Similar studies showed an increased aggression 
and consequent fin erosion among larger individuals of studied salmonids, in the summer, 
more specifically in July, also month we started our sampling collection (MacLean et al., 
2000). Most studies, though, found no correlation of fin erosion and fish size, although the 
smallest individuals from a group seem to be more prone to attacks from bigger fish (Abbott 
& Dill, 1989). Dominant individuals, which are fish who tend to gain more weight and 
achieved longer body lengths, exhibit less fin erosion than non-dominant fish. Removing of 
the dominant individuals from a tank is not the solution, though, since new dominant ones are 
formed, when density in the tank remains high (Canon Jones et al., 2011).  In our study, fin 
erosion severity and occurrence had a decrease towards the end; it can be correlated with the 
fact that when the fish starts the smoltification process, it becomes less territorial and more 
likely to schooling, as a way to avoid predator attack in open waters (Steffansson et. al., 2008) 
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4.2 Fin erosion and development over time 
 
 Important data was found suggesting that handling of the fish, as in our case happened 
during size grading, vaccination and plain moving from one tank to another, for cleaning and 
convenience purposes, should have a strong affect in fin erosion and its severity (Landless, 
1976). One of the reasons for this is the liberation of cortisol to the bloodstream when fish 
feels treated or stressed somehow and doses as low as 1 ng/ml seem to promote higher 
susceptibility to fin erosion formation (Pickering & Pottinger, 1989).  
 Formalin baths were used sporadically in the facility in order to treat fish with history 
of body lesions and fin erosion. In all groups, the number and severity of fin erosion seem to 
decrease towards the end of the study, independent if the groups has been treated or not with 
formalin. In this case, we can’t confirm the efficacy of those baths against lesions and fin 
erosion, since we also have the hypothesis that those lesions end up healing by itself after 
some time. Some periods with higher levels of incidence of fin erosion were found in some 
groups during vaccination period, what comproves that stress had a role in fin erosion. 
 
4.3 Opercular deformities and body lesions 
 
 Episodes of operculum and body lesions were found mostly in smaller fish (Figure 
19). Burnley et al. (2010) tested the occurrence of operculum and jaw deformities in Atlantic 
salmon and found out that fish with jaw and operculum deformities had significantly less 
weight gain over the production cycle, compared to normal fish, due to decreased energy 
intake or increased energy expenditure, respectively. Fish with operculum deformity are also 
more susceptible to diseases, such as bacterial kidney disease, and also show higher mortality 
rates, due to the greater exposure to environmental pathogens through increased area of gill 
tissue damage.  
 That could help explain our results that operculum deformities were found rather in 
fish with small weight. Either those fish ended up dying after a while due to secondary 
infections, very low body weight as well as bad general condition or they could have ended up 
being discarded after the tank change routine, done often, to discard those individuals with 
very low weight and therefore, low survival changes. 
 The same could happen for fish with body lesion. After following the fish during the 
study time, it was noticeable that after a couple days after the fish first started showing the 
first signs of epithelial damage (light discoloration), the progression of the disease happened 
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very fast, with signs of visible open ulcers/sores, that in many cases made it incompatible with 
living conditions.  
 
4.4 Future considerations 
 
 Minimizing aggression between fish and competition for food seem to be the best way 
to avoid fin erosion. The adoption of an on-demand feeding regime, specially adjusted to each 
tank, according to fish size, consumption and behavior can give good results. 
 It is important to pay attention to the handlings that happen on a daily basis in the 
industry, and to try to minimize the unnecessary stress that fish have to go through. A different 
sorting system, done less often and by milder ways, can be necessary.  
 Formalin baths should be reduced to a minimal use, due to its toxicity and 
questionable efficacy. 
 Heritability values show that it is possible to select the best individuals, free from fin 
erosion, opercular deformities and body lesions, and with good size, and try to do a genetic 
selection, so future generations have fewer or non-problems. 
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